Carpathians, with a Focus on Chrysopa (Neuroptera, Chrysopidae). Serediuk, H. V. -A method to identify the net-winged insects without preparation of genitalia is proposed. Th e method is based on morphometric indices of fore wing venation and is applied to Neuroptera of the Ukrainian Carpathians. A key to nine neuropteran families is compiled, with an emphasis on Chrysopidae. Keys to eight genera and eleven species of the genus Chrysopa is provided. A statistical analysis of the variability of diagnostic traits is given for each species and possibility of using morphometric indices is substantiated for species identifi cation.
Introduction
Th e genus Chrysopa Leach & Brewster, 1815 belongs to the family Chrysopidae, which is one of the eight families of Neuroptera occurring in the Ukrainian Carpathians. Net-winged insects range in wing lengths from 0.18 cm to 8 cm. Th e hind wing is slightly smaller than the fore wing, and all species have transparent wing membranes with dark marks on some of them. Th e hind wing is reduced in some species of Hemerobiidae and Coniopterygidae or even their representatives are completely wingless. Th e membrane of the wings is more or less microtrichose and the wing edge oft en bears bristles forming dense fringes. Th e wings have a dense network of cross-veins, except the Coniopterygidae, which have a simplifi ed venation. Th e anterior and posterior edges of wings sometimes have tiny inserted veins arranged between the terminal branches of longitudinal veins (trz) . Th e fore wings in some neuropterans have a pterostigma (a cuticular darkened thickening in the distal part of the fore wing edge). Cross-veins in neuropterans can be scattered irregularly, but oft en they are arranged in rows, also called gradations of cross veins, or simply gradates (fi g. 1) (Aspöck et al., 1980 (Aspöck et al., , 2001 (Aspöck et al., , 2007 .
Most authors are focused on the morphology of wings when describing new species or conducting a revision. Th e following traits have been used: length and width of the fore wing and some cells of the costal, medial and radial fi elds; the ratio of wing length to width; shape of cells of radial and medial fi elds; the ratio of length to width of the radial, medial and intramedial cells; color of the membrane of the wing; the availability of dark spots, their shape, size and location; the presence of a pterostigma; the number of cross-veins in inner and outer gradates of wing; the shape of Psm vein (Tauber & Sosa, 2015; Winterton & Garzón-Orduña, 2015; Breitkreuz et al., 2015; Zhao et al., 2015; Dong et al., 2016; Tauber et al., 2017) . However, the ratios of measurements were not earlier used in the keys to Neuroptera.
Th e author suggests the new approach to identifi cation of neuropteran taxa, based on the morphological structure of fore wing alone that has certain advantages. Th e morphometric method of identifi cation gives the possibility to avoid the detailed examination of anatomical structure of insect body with preliminary preparation facilitating the process of identifi cation making such keys useful for naturalists, students, agricultural entomologists and neuropterologists.
Material and methods
Th e study is based on author's own collections from the western part of Ukraine, and also specimens deposited in the entomological collections of the following institutions:
State Museum of Natural History of the National Academy of Sciences of Ukraine (Lviv); Museum of Nature of the Vasyl Karazyn Kharkiv National University; Department of Entomology and Biodiversity Conservation and Zoological Museum of the Uzhhorod National University; Zoological Museum of the Vasyl Stefanyk Precarpathian National University.
Th e terminology (including abbreviations, see also fi g. 1) and nomenclature used here follow "Die Neuropteren Europas" (Aspöck et al., 1980) . Besides, the new keys have been supplemented by index ratios of some wing structures, introduced by the author.
As the aim was to compile the keys based on diff erences between the fore wing structures, it was necessary to reveal which structural traits would be useful for segregation of taxa with high level of reliability. Th e diff erence between structures of wings in representatives of diff erent families is more obvious, whereas in genera it is less obvious, and in species of the same genus is the minimal. Th us, the utilization of the commonly used traits only, will not give the desirable result. It was found out, that in spite of visible variation in body size of insects, and correspondingly in size of wing structures, the ratios of length to width measurements in wing and its cells remain stable enough. Th us the index ratios were elaborated and introduced into keys based on the fore wing alone on the generic and specifi c levels.
To evaluate the statistical signifi cance of the results the following parameters were calculated: the mean value for a sample (M), standard deviation (St. Dv.), value criterion of Student (t-value), number of degrees of freedom (df), confi dence level (p). Th e results recognized reliable, when p ≤ 0.05. Fig. 1 . General scheme for wing venation in Chrysopidae (legend on the fi gure): Psm -pseudomedian vein, Psc -pseudocubitus, ini -intramedian cell, G1 -gradiformes internal, GE -gradiformes exstemal, cvcross veins of costal sector, pt -pterostigma.
Results

. M o r p h o m e t r i c i n d i c e s
Th e morphological characteristics and correlation of the ratio between lengths and widths of the structures of the fore wings are developed and applied as shown on table 1. For the average the median was used: the value of the measurement in the middle of the ranged sample series.
Th e resulting measurements were processed in Microsoft Excel 2007 and Statistica 10.0. Table 1 contains the results of measurements for eleven species of the genus Chrysopa, which are keyed below.
Checking of the statistical indices (used in the keys to Chrysopa species) allowed to affi rm that the indices Iim, Ir2, Ir1 and Im3 used for identifi cation are reliable enough. Th e indices Iw and Im2 are somewhat less reliable and should be used in separate cases only (table 2) .
Not all indices are equally important for identifi cation of species (fi g. 2). For example, with the I im -index Chrysopa perla can be separated from C. formosa. С. hummeli and С. viridana. At the same time the I m2 -index is suitable for diff erentiation between C. pallens and C. walker. Th e index ratio of length to width of the third median cell (I m3 ) diff erentiates C. dorsalis and C. hummeli all others. Th e I r1 -index separate C. hummeli with high reliability. All species of the genus Chrysopa can be separated into two groups by means of the indices I w and I r2 .
Since some of the indices have the same value for several species, it is not possible to use all of them simultaneously. However, most of the studied species are well distinguishable from others at least by one index that testifi es to the eff ectiveness of using these indices for species identifi cation (Serediuk, 2017) . Ch. viridana Ch. formosa 2 . K e y s t o N e u r o p t e r a f r o m t h e U k r a i n i a n C a r p a t h i a n s b a s e d o n r a t i o s o f f o r e w i n g a n d c e l l s i z e s .7 5.6 2.45 2.7 0.7 3.86 0.9 0.5 1.80 0.9 0.5 1.80 1.3 0.7 1.86 1.5 0.8 1.20 5 14.5 5.9 2.46 2.9 0.7 4.14 1.0 0.5 2.00 1.0 0.5 2.00 1.4 0.7 2.00 1.6 0.9 1.78 6 14.6 5.9 2.47 2.9 0.7 4.14 1.0 0.5 2.00 1.0 0.5 2.00 1.4 0.7 2.00 1.6 0.9 1.78 7 14.9 6.1 2.44 3.0 0.7 4.29 1.0 0.5 2.00 1.0 0.5 2.00 1.4 0.7 2.00 1.6 0.9 1.78 8 15. 4 Note. W -wings; im -intramedian cell; r1 -1st radial cell; r2 -2nd radial cell; m2 -2nd median cell; m3 -3rd median cell; M -aerage value; σ -standard deviation; Iw -index ratio between the length of wing and its width; Ir1 -index ratio between the length of the 2nd radial cell and its width; Ir2 -index ratio between the length of the 2nd radial cell and its width; Iim -index ratio between the length of intramedian cell and its width; Im2 -index ratio between the length of the 2nd median cell and its width; Im3 -index ratio between the length of the 3rd median cell and its width. Family CHRYSOPIDAE Schneider, 1851
Diagnosis. Green lacewings (Chrysopidae) are one of the largest families among Neuroptera. Th ere are about 1,300 currently recognized species in the world, included in 87 genera and 3 subfamilies. Th e adults are mostly predators, but a few species feed on pollen. Th e adults have symmetrical mandibles and long setaceous antennae, which may exceed the length of the wing two times. Th e wings are large (hind wings slightly smaller than fore wings), semi-transparent, iridescent; veins mainly greenish or brownish. In contrast to other neuropterans, the chrysopids' wing membrane is without microtrichia and trz. Th e pterostigma is not always visible. Wing veins are covered with setae on both sides, forming a dense fringe in some members of the family. Th e jugulum lobe of the wing is present only in the most primitive species of the family. Wings have a characteristic venation, which is of great value for identifying the taxa (fi g. 1) (e. g., Aspöck & Aspöck, 2007; Zakharenko, 1993 and many others) .
Th e family Chrysopidae includes three subfamilies: Apochrysinae, Chrysopinae, and Nothochrysinae. Th e distribution ranges of most members of Apochrysinae are restricted to the Southern Hemisphere: seven species of two genera are known from Central and South America; two genera with three species occur in South Africa; fi ve genera with 14 species live in the Australian Region. In the Northern Hemisphere, the subfamily is represented by a single species -Nacaura matsumurae Okamoto, 1912 from Japan (Brooks, 1997; Hölzel, 1984; Toschi, 1965; Winterton et al., 2015) .
Figs 4-7. Fore wing venation of Chrysopidae: 4 -Chrysotropia Navás, 1911; 5 -base of fore wing: 5a -Italochrysa Principi. 1946 , 5b -Nineta Navas, 1912 , 5c -Chrysopa Leach in Brewster, 1815 , 5d -Peyerimhoffi na Lacroix, 1920 6 -base of fore wing: 6a -Pseudomallada Tsukaguchi, 1995 , 6b-Chrysoperla Steinmann, 1964 , 6c -Cunctochrysa Hölzel, 1970 ; 7 -fragment of fore wing of Chrysopa Leach, 1815 with setae fringe; M -median vein, im -intramedian cell, m 2 -2nd median cell, m 3 -3rd median cell, r 1 -1st radial cell, r 2 -2nd radial cell, r-m -radial-median vein, Rs -radial sector. Figs 17-18. Fore wings of species of Chrysopidae: 17 -fore wing of Chrysopa formosa (Brauer, 1850); 18 -fore wing of Chrysopa perla (Linnaeus, 1758) .
